There is very little reported information on warm-up practices in showjumping horses. The objective was to quantify warm-up jumping patterns/duration in a competition (field) environment in showjumping horses. Ten mixed-breed elite showjumping horses were assessed at a three-day training session. Riders warmed-up as they would normally for an elite competition and jumped at least one round of a 15-fence (135-145 cm) course on each day. Fence type/height, number of jumping efforts and lead take-off/landing limbs during warm-up were recorded. Rider global-positioning-system and inertial-motion-sensors recorded speed, time spent in each pace/rein plus stride length and stride duration during warm-up and course. Heart rate (HR) was recorded when the horse was resting in its stable and for the duration of the ridden exercise. Appropriate paired statistical tests were used to compare variables between days, and between warm-up and the round(s). Mean warm-up duration, time in each pace and on each rein did not differ within rider between days, however, there were inter-rider differences (mean warm-up duration = 18 min; range = 12-27 min). Number of jumping efforts and fence type/height did not differ between days. During warm-up, there was no preference in canter lead when approaching fences. However, on departure there was a preferred canter lead, plus jump landing and leaving lead limb asymmetry (left canter lead predominating in all cases). Horses cantered slower, with a shorter stride length and a longer stride duration during warm-up compared to when jumping the round (speed -warm-up: 4.21±0.09 m/s; round: 5.53±0.15 m/s; stride length -warm-up: 2.59±0.06 m; round: 3.16±0.08 m; stride duration -warm-up: 0.62±0.02 s; round: 0.58±0.03 s). Mean resting HR significantly decreased on consecutive study days. Mean, peak and final HR during warm-up did not significantly change between days. Results provide novel information on warm-up patterns in a competition (field) environment for elite horses, and suggest that showjumping horses may be warmed-up asymmetrically.
Introduction
Warm-up, prior to competitive exercise, is considered an essential part of the preparation for athletes of any species. The importance of warm-up to reduce injury risk and optimise performance is widely accepted amongst human athletes (McGowan et al., 2015) . The main outcome of warming up is to enhance muscular function for improved performance and to decrease injury risk (McGowan et al., 2015) . Warm-up regimens of UK dressage horses' competing at various levels in a competition/field environment have been described (Murray et al., 2006a) . The study found that the time spent in different paces and the total duration was related to the level and type of competition. In Germany it has previously been reported that dressage horses work, on average, for 60 min on a competition day (Lindner, 2002) .
There is very little reported information on warm-up practices in showjumping horses. To date there is only one pilot study describing warm-up regimens in non-elite showjumping horses. Whitaker et al. (2008) described the time spent in specific activities and the number of fences jumped during competition warm-up of UK nonelite showjumping horses. Horses jumping at Foxhunter (intermediate, 120 cm) level had a significantly longer total warm-up, spent more time in walk and had more total successful practice jumping efforts compared to horses competing at Novice (low, 100 cm) level. These findings are in line with human (Hawyley and Burke, 1998) and equine (Murray et al., 2006a ) studies indicating increasing warm-up time with more intense and complex competitive exercise.
Human studies have indicated that warm-up including aerobic exercise, stretching and an activity similar to the following competitive exercise reduce the risk of acute and chronic/overload injuries (Bixler and Jones, 1992; Olsen et al., 2005; Weddwekopp et al., 1999) . However, warm-ups that focused heavily on stretching and did not include an activity similar to the following exercise were found to not have an effect on injury risk (Pope et al., 2000; Van Mechelen et al., 1993) . In agility dogs, one study indicated that there was no relationship between the use of warmup exercises and injury risk (Cullen et al., 2013) , which is contrary to common belief (Steiss, 2002) . The lack of relationship between warm-up and injury risk in agility dogs was attributed to the over-representation of experienced handlers and dogs in the study sample. Previous studies have shown that inexperience is a risk factor for rider (Hitchens et al., 2010) and workplace injuries (Breslin and Smith, 2006) and motorsport accidents (Zhang et al., 1998) .
Heart rate (HR) is a parameter frequently used to assess the intensity of training and competitive sessions in human athletes (Gilman and Wells, 1993) and horses (Art et al., 1990; Bazzano et al., 2016; Evans, 1994; Marlin and Nankervis, 2002; Munsters et al., 2013) . In the horse, resting HR can range from 25-40 beats/min and can increase up to 250 beats/min during maximal exercise (Marlin and Nankervis, 2002) . There are no published studies describing HR during warm-up in elite showjumping horses but two studies have described HR during a competitive course in showjumping horses. Art et al. (1990) found that in a group of nine horses jumping a course 460 m in length, with 13 fences 150 cm high the mean peak HR was 191±3 beats/ min. In contrast Bazzano et al. (2016) found that in a group of six horses jumping a course 500 m in length, with 15 fences 135 cm high the mean peak HR was 177±12 beats/ min. Difference in peak HR between the two studies can be explained by the difference in fence height and the possible different weather conditions at the time of data collection.
This study aimed to describe the warm-up patterns, canter stride characteristics and HR of 10 elite showjumping horses (competing at 145 cm or above) that were opportunistically evaluated during a British Equestrian Federation World Class Performance three day training session which simulated a Championship format competition. The objectives were to: (1) monitor elite showjumping horses during a typical warm-up in a competition/field environment to determine warm-up practices in a field environment; (2) determine if elite showjumping riders changed their warm-up from day to day; (3) monitor five elite showjumping riders, riding two horses each, to determine if warm-up varied between the two horses; and (4) determine whether resting and exercise HR changed from day to day.
Materials and methods
It was confirmed by the Royal College of Veterinary Surgeons that the procedures carried out were not controlled procedures under UK animal experimentation legislation.
Horses and riders
Ten mixed breed elite level showjumping horses (mean ± standard deviation, age: 9.1±1.9 years; height: 167.1±3.3 cm; weight: 545±45 kg), were ridden by five riders. Riders had a similar level of experience at elite level, came from different stables and had regular training with different coaches. Rider A rode Horses 1 and 2, Rider B rode Horses 3 and 4, Rider C rode Horses 5 and 6, Rider D rode Horses 7 and 8 and Rider E rode Horses 9 and 10. Horses were classed as elite if they were regularly competing at 140 cm. All horses were evaluated each day by an orthopaedic specialist (R.C.M.) in-hand at walk and trot in straight lines on a firm surface to ensure that they were classed as <1/8 lameness grade (Dyson, 2011) . Each day horses were allowed up to 40 min to warm-up individually as they normally would at a competition. Horses jumped a 15 fence (135 cm height) course once on day 1, twice on day 2 (140 cm height); on day 3 the second round was an eight fence jump-off (140-145 cm height). During the study, coaching on rider approach and position (by the head coach for the British Showjumping team) was provided each day during warm-up, without influencing the pattern of warm-up and feedback was given to each rider after the round.
Arenas
The warm-up took place on a 45×45 m waxed sand and fibre arena. The competitive rounds took place on a 75×45 m waxed sand and fibre arena.
Inertial measurement units
Inertial measurement units, with a sampling frequency of 102.4 Hz (European Technology for Business, Codicote, UK) were applied on the lateral aspect of each metacarpus and metatarsus (in custom-made brushing boots) and were linked to a global positioning system unit on the rider's hat to acquire canter stride duration, canter stride length and canter speed, and time spent in different paces in warm-up. The inertial measurement units were switched on at the start of the warm-up and collected data for the entire test period, which included the warm-up and jumping round(s). Canter stride characteristics were calculated using Poseidon Software (European Technology for Business) as previously validated (Naylor and Holmes, 2008; Walters et al., 2009 ).
Heart rate
The horses' HR were recorded telemetrically using a Polar Equine RS800 G3 commercial HR monitor set to record every 5 s (Polar Electro, Kempele, Finland). The monitor was switched on when the horse was in its stable being tacked up and collected data for the entire test period, which included the warm-up and jumping round(s).
Data collection
Data collection took place over three consecutive days in the middle of October 2011. The weather was dry and sunny (mean temperature: 15.0 °C; relative humidity not recorded). A British Showjumping registered coach observed and videoed the warm-up, and measured fence height with marks on the jumps wings where the cups were, for all horses and noted the following information:
• number of jumping efforts;
• fence type (cross pole, vertical/upright, ascending oxer, square oxer);
• canter lead on approach, landing and departure.
Statistical analysis
Descriptive statistics were carried out on all variables. Paired tests (Student T-Test or Wilcoxon Signed Ranks as appropriate) were used to determine differences between the inertial measurement unit data between the warm-up and the round, and also between the first and second rounds on day 2. Paired tests (Student T-Test or Wilcoxon Signed Ranks as appropriate) were also used to determine if there were differences between HR variables between days. All data were analysed using a statistical software package (Analyse-It version 2.26, Leeds, UK) with a significance level of P<0.05.
Results

Overall observations
Mean warm-up duration, time in each pace and on each rein did not differ within rider. Between days, however, there were inter-rider differences (mean warm-up duration = 18 min; range = 12-27 min). Horses spent between 3.7-46.0% of the warm-up time in walk, 3.4-45.6% in trot and between 24.3-63.3% in canter. Eight of the 10 horses spent more time in left canter and two in right canter. This pattern was consistent over the three days (Table 1) .
Number of jumping efforts during the warm-up session did not differ between days (mean: 13, range: 9-16) for all horses except Horse 8 which jumped 12 on day 1, 17 on day 2 and 21 on day 3 (Table 2 and 3). Horse 1 did not jump any fence greater than 130 cm in height on days 1 and 2. The mean total number of jumping efforts per day did not change significantly; however, Rider D completed more jumping efforts per day with both horses than the other riders.
On day 1 approximately 50% of jumping efforts were over uprights and oxers less than 120 cm in height; 26% of all jumping efforts were over 120 cm in height. On day 2 approximately 50% of the jumping efforts were over oxers between 100 and 130 cm; 24% of all jumping efforts were over 120 cm in height. On day 3 32% of all jumping efforts were over 120 cm in height.
There was no preference in canter lead when approaching warm-up fences and all horses remained on the same lead at take-off. In contrast, there was a marked difference in canter lead chosen when landing and leaving the fence, with the left canter being the preferred lead in five of the 10 horses; the remaining five horses had no preference for canter lead.
Inter-rider differences
Riders A, C, D and E consistently spent more time in left canter than right canter on both of their horses. The total warm-up duration was fairly consistent over the three days for both horses for riders A and B; for the remaining riders the total duration increased over the three days for both horses. The time spent in the different paces did vary over the three days for all riders. The total number of jumping efforts remained constant over the three days for all riders, except rider D who completed additional jumping efforts on each consecutive day with both horses.
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Inertial measurement unit data
In warm-up, on average over the three days there were significantly more left canter strides (mean = 730; range = 107-1,302) than right canter strides (mean = 614; range = 204-819) taken per day (P=0.0204). When assessing the separate days, although not significant, there were consistently more left strides compared to right strides (day 1: P=0.0547; day 2: P=0.2031; day 3: P=0.4961). Left canter stride length was significantly greater than right canter stride length (P=0.0141). Speed and stride duration was not significantly different between left and right canter (Table 4) .
Horses cantered significantly slower, with a shorter stride length and longer stride duration during the warm-up compared to when jumping the course on all three days (P<0.0001 for speed, stride length and stride duration).
There was no significant difference in the number of left and right canter strides in Round 1 on either day. On day 2 there were no significant changes in speed, stride length, stride duration and number of left or right canter strides between the two rounds. There was a trend for increased speed (P=0.0826) and stride length (P=0.0799) and decreased stride duration (P=0.4629) on day 3 in Round 2 (jump-off ) compared to Round 1. There were significantly less left and right canter strides (P=0.0020 and P=0.0371 respectively) in Round 2 (jump-off ) compared to Round 1 on day 3.
Heart rate
Mean, peak and final warm-up HR did not change significantly over the three days (Table 5) . Resting HR significantly decreased from day 1 to day 2 (P=0.0313) and from day 1 to day 3 (P=0.0195); there was no difference between day 2 and day 3 (P=0.1481).
Discussion
This study describes the warm-up patterns (inter-and intra-rider differences) and canter stride characteristics of elite showjumping horses that were evaluated during a three-day training session which simulated Championship format competition in a field environment. Five riders rode their own two horses over three consecutive days to enable inter-and intra-rider warm-up differences to be described. Horses wore inertial measurement units and HR monitors to collect data over the three days.
A previous field study (Whitaker et al., 2008) showed that non-elite showjumping horses competing at Foxhunter level had a longer total duration, spent more time in walk and canter and completed more practice jumps in their warm-up compared to horses competing at Novice level.
The results from the current study show some similarities (mean total duration, time spent in walk and the total number of jumping efforts) to the warm-up patterns of horses competing at Foxhunter level. The horses in the current study spent less time in trot (4.5 min compared to 5.5 min) and more time in canter (9.0 min compared to 6.2 min). The time spent in left and right canter has not previously been documented in showjumping horses (Whitaker et al., 2008) or dressage horses (Murray et al., 2006a) during warm-up.
Mean total warm-up duration did not significantly change over the three days. However, there were a number of individual patterns. Total warm-up duration decreased over the three days for Horse 1 and increased for Horses 6, 7 and 9. For Horse 8 the time for days 1 and 3 were the same, however, there was an increase of 8 min on day 2.
Possible explanations for a decrease in total duration could be in anticipation of having to complete additional courses on days 2 and 3. An increase in total duration could be due to increased coaching due to the performance on the previous day or if the rider felt the horse required a longer warm-up to perform optimally. There did not appear to be a pattern for time spent in the different paces as this changed daily with all horses.
The increase in number, and height, of oxers completed during warm-up would be expected as the difficulty (fence height) of the course to be jumped increased on consecutive days. The horses also completed two rounds on the second and third day, so increasing the exercise requirements. These findings are in accordance with previous literature (Hawyley and Burke, 1998; Murray et al., 2006a) suggesting that increased exercise intensity during warm-up is required with increased difficulty of the following competitive exercise.
Total warm-up duration was consistent between horses for Rider A, B, D and E over the three days, however, time spent in the individual paces was different. Rider C had very different patterns for their two horses. Inter-horse differences are likely to be due to the specific requirements of each horse based on fitness levels and experience. However, the number of jumping efforts was consistent between horses for each rider. Data from V.A. Walker et al. (personal communication) indicated that UK dressage riders with horses competing at elite and non-elite levels had different warm-up patterns. The warm-ups of elite horses were overall longer in duration and included more time in trot and canter and complex movements (transitions and lateral work) than non-elite horses. Riders with horses competing at the same level had similar warm-up patterns.
The inertial measurement units showed that in the warm-up there was no significant difference in canter speed, stride duration and stride length between days. However, on day 1 there were significantly more left canter strides than right canter strides; on days 2 and 3 there was a trend for an increased number of left canter strides compared to right canter strides but this was not significant. Theodorou et 
Please cite this article as 'in press' Comparative Exercise Physiology al. (2017) showed that in the approach run to a long jump there was asymmetry in the step length and frequency in elite human athletes. The study also showed that the long jump take-off was carried out by the preferred leg in 40% of participants. The authors concluded that athletes should adapt their training to reduce the asymmetry or to train the preferred and non-preferred legs differently as continuous asymmetrical training could have serious implications for injury risk. In the current study coaching was provided to the riders. It could be that they were made aware of their asymmetrical warm-up routine and so made changes to ensure that equal time was spent on each rein.
The results of a previous study indicated that horses undertaking specific competitive disciplines would have a higher frequency of specific injuries than horses used for general purpose (Murray et al., 2006b) . The study also showed that the injury pattern varied with performance level within the various disciplines. The injury patterns could be related to training regimes, warm-up patterns and/ or exercise intensity. The results of two previous studies indicated that there are specific sites in the distal tarsal joints that may be predisposed to osteoarthritis in elite competition horses due to observed histological changes (Tranquille et al., 2009 (Tranquille et al., , 2011 . This was attributed to the asymmetric, repetitive nature of the training of elite competition horses, which suggests that these particular horses could be at increased risk of injuring particular structures within a specific limb. Overuse injuries in young baseball pitchers were attributed to the repetitive asymmetric nature of their training regimes (Tisano et al., 2016) . This highlights the importance of symmetrical training and warm-up regimens to decrease injury risk in elite competition horses from all disciplines. Egenvall et al. (2013) indicated that variation in exercises (e.g. flat work, jumping, hacking, fitness) during training was a protective factor for days lost to training in elite showjumping horses. By varying exercises not only is the repetitive nature of certain exercises decreased, and so repetitive loading of the internal structures of the limbs is reduced, but also strengthens the body as a whole which could assist in reducing stress on the structures that loaded asymmetrically during competition.
Results showed that there was a marked difference between canter lead when landing and leaving the fence, with the left canter being the preferred lead in half of the horses. The remaining five horses did not appear to have a canter lead preference when landing or leaving the fence. However there was no preference in approach canter lead. There also was a significant increase in stride length and a trend for increased speed in left canter compared to right canter in the warm-up which was consistent on all three days. This could be due to rider preference/laterality. If a rider is stronger on one side there may be a preference to work on a specific rein for longer (Symes and Ellis, 2009 ). Brown et al. (2016) showed that the preferred/dominant leg displayed more lower-extremity strength than the non-preferred leg in both forwards and backs rugby union players. Subclinical lameness/pain could also be a reason for changes in stride characteristics. It has previously been shown that in trot there was no change in speed and a decreased stride length when lameness was detected (Galisteo et al., 1997) . If any of the horses in the study had any subclinical lameness or pain, which was not detected on clinical assessment, then an asymmetrical gait, like canter, could induce changes in stride length. To our knowledge there are no studies describing the effect of lameness on canter stride characteristics but it is likely that a similar effect could be seen as in trot.
Our results showed that the horses' cantered significantly slower, with a shorter stride length and longer stride duration during the warm-up compared to when jumping the round. Prior to exercise the body is relaxed, warming up prepares the body for the following physical activity by warming the muscles, loosening the connective tissues (tendons, ligaments and fascia) and preparing the joints for movement. This explains why the canter strides characteristics were significantly different between the warm-up and rounds. Another factor could be the dimensions of the arenas. The warm-up arena was smaller than the main arena which could have influenced the rider's choice of speed.
No difference in canter stride characteristics or number of strides was detected between Rounds 1 and 2 on day 2; this finding is not surprising as the courses were identical indicating that riders were consistent between rounds. A trend for increased speed and stride length and decreased stride duration between Round 1 and 2 on day 3 was noted.
The second round on day 3 was a jump-off and so the course was different and shorter than the first round. In a competition the jump-off is a much shorter course that the rider is not allowed to walk and will determine the final result of the class (Fédération Equestre Internationale, 2016) . In a competition, riders will tend to go faster in the jump-off than a first round, dependent on the experience of the horse, with the aim of winning the class. Although the rounds were not timed as a competition during this training camp, the naturally competitive instinct of the riders, who regularly competed against each other, was indicated by the changes in stride characteristics observed.
The mean resting HR recorded in the current study are similar to those described in the literature (Evans, 1994; Marlin and Nankervis, 2002) . However, this significantly decreased with each consecutive day. This could be due to the horses being accustomed to their new environment and feeling more relaxed. Mean and peak warm-up HR did not significantly change between consecutive days. This could be explained by the total duration, time spent in the different paces and number of jumping efforts did not significantly
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Limitations
This study had various limitations. There is missing data for one horse on day 1 due to equipment (camera) malfunction. The coaching could have potentially biased the warm-up routines on days 2 and 3. Horse age (range: 6-12 years) and experience could also have played a role in determining their warm-up routine. Although they were all classed as elite, the horses did cover a range of competition levels and experience. For example, Horses 2 and 10 had regularly been jumping 160 cm courses at International shows; in contrast Horse 1 had only recently started jumping 140 cm at National shows prior to this study.
Conclusions
This study provides preliminary information on warmup patterns for showjumping horses competing at elite level and difference in canter stride characteristics in the warm-up compared to when jumping a course. Our findings are in accordance with previous studies indicating that increased warm-up duration is recommended with increased complexity of the competitive exercise. Time spent in the different paces varied each day for all horse. Eight of the 10 horses consistently spent more time in left canter and two in right canter. There was a marked asymmetry in canter lead chosen when landing and leaving the fence, with the left canter being the preferred lead in five of the 10 horses. During warm-up mean and peak HR do not change significantly between days. Results suggest that showjumping horses in this sample warm-up asymmetrically, predominately on the left rein. This could have implications for injury risk to a particular forelimb or hindlimb in showjumping horses.
